The properties of tofu prepared with weakly electrolyzed waters (anode and cathode waters) obtained by electrolysis of tap water were investigated. The use of cathode water increased the protein content of the tofu. The texture of tofu prepared with cathode and anode waters was softer than that of tofu prepared with tap water. No significant difference in the free sugar content was seen between the tofu prepared with electrolyzed and non-electrolyzed waters. However, tofu prepared with cathode water was evaluated as sweeter than that prepared with tap water in a sensory test. The content of total carbonyl compounds, which is related to the substantial taste of tofu, was higher in the tofu prepared with cathode and anode waters than in that prepared with tap water. These results show that the eating quality of tofu can be modified by using electrolyzed water (especially cathode water) for its preparation.
trolyzing device, model HOX-40A (Hoshizaki Electric Co., Nagoya); electrolytic voltage, 50 V; electrolytic current, 2 A; temperature of tap water, approximately 20˚C. Anode water (pH 3.44Ϯ0.04) was obtained from a positive electrolytic cell and cathode water (pH 9.55Ϯ0.09) was obtained from a negative electrolytic cell.
Because this study sought to confirm the effectiveness of the anode and cathode waters in the preparation of tofu, their pH values were adjusted to the minimum and maximum pHs available with the electrolyzing device, respectively.
Prior to the main study, the characteristics of the above waters were examined. The pH, oxidation-reductive potential (ORP), electric conductivity and dissolved oxygen (DO) were measured using a pH meter (D-21, HORIBA, Ltd., Kyoto), ORP meter (HM-30V, DKK-TOA, Co., Tokyo), an electric conductivity meter (ES-14, HORIBA, Ltd.) and a dissolved oxygen meter (OM-12, HORIBA, Ltd.), respectively. Residual chlorine was measured by the O-tolidine method using a residual chlorine meter (Shibata Scientific Technology, Tokyo). The cation (chloride and nitrate) concentration was measured with an ion chromatograph (Model CRB, Dionex Co., CA) and anion (potassium, calcium, magnesium and sodium) concentration with an atomic absorption spectrometer (XZ-5300, Hitachi, Ltd., Tokyo). Three independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Compared with tap water, the anode water had a low pH, high ORP, high DO and a large amount of the anions chlorine and nitrate, and the cathode water had a high pH, low ORP, low DO and a large amount of the cations sodium, potassium, magnesium, and calcium (Table 1) . Both anode and cathode waters had higher electric conductivity and lower residual chlorine than tap water.
Preparation of tofu Soybeans (120 g) were soaked in tap water, anode water or cathode water (600 ml) for 12 h at 20˚C, then were separated from the soaking water with a stainless steel strainer. Tap water, anode water or cathode water in an amount six-fold the dried soybeans (720 ml) was added to the soaked soybeans, and they were ground in an electric mixer (MJ-C28, Matsushita Electric Co., Ltd., Osaka) for 2 min (called go). An antifoaming agent (0.1 g) dissolved in distilled water (0.9 ml) was added to the go, and it was heated to 90˚C and maintained there for 3 min. Water lost by evaporation was added after heating, and the go was put into a filtration bag. Soymilk was filtered out while a weight (4.5 kgw) was put on the filtration bag for 30 min. The soymilk was cooled to 20˚C, and after adding 0.3% coagulant (GDL : MgCl 2 ϭ7 : 3), it was sealed in a heat-resistant casing (70 mm wide, 180 mm long). The soymilk was coagulated while the casing was kept warm at 85˚C for 40 min. After heating, the tofu was cooled at 20˚C for one hour, and tested.
pH of soaked soybean, soaking water, go, soymilk, and tofu The pH values at 20˚C of the soaking water, go, and soymilk were directly measured with the pH meter. Soaked soybean and tofu (20 g) were homogenized with distilled water (80 ml) at 5000 rpm for 3 min, and the pH of the homogenate was measured with the pH meter. Five independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Contents of major components of tofu The contents of water, protein, and total lipid in tofu were measured by a normal pressure drying method, semi-micro Kjeldahl method and chloroform-methanol extraction method, respectively. Three independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Sensory test A sensory test was carried out by a panel of 14 female students (20-22 years old). Nine factors (whiteness, texture, flavor, softness, smoothness, sweetness, substantial taste, pleasant taste, and overall judgment) were evaluated using a seven-grade rating scale from ϩ3 (positive) to Ϫ3 (negative). The tofu prepared with tap water was used as the control (zero value). A sample of the tofu (approximately 50 mm in diameter, 10 mm thick) was served to each panel member and the results were expressed as the mean values of scores. . Ten independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Measurement of color index
Scanning electron microscopic observation Tofu (10ϫ10 mm) was frozen in liquid nitrogen and lyophilized. The lyophilized sample was divided into small sections, and coated with platinum using an ion sputter (E-1030, Hitachi, Ltd.). Each section was observed with a scanning electron microscope (S-4500, Hitachi, Ltd) at an acceleration voltage of 5 kV, and 1000-fold magnification.
Texture measurement A creep meter (RE 2-33005, Yamaden Co., Tokyo) was used to determine hardness, frangibility and cohesiveness of tofu. The conditions for measurement were as follows: sample size, 25 mm in diameter and 10 mm high; sample temperature, approximately 20˚C; plunger, column made of polyacetyl resin (30 mm in diameter); compression rate, 70%; compression speed, 1 mm/s. Cohesiveness was calculated from the rate of positive peak areas (the peak area of second compression/the peak area of first compression). Ten independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Content of free sugar The method of Shimada et al. (1998) was used. Xylitol (4 mg, Wako Pure Chemical Industries, Ltd.) was used as an internal standard substance. Ethanol (99.5%; 9.2 ml) was added to tofu (2 g) so as to make the final ethanol concentration 80%, and the tofu was homogenized (5000 rpm, 3 min). The homogenate was frozen overnight and centrifuged (19,000ϫg, 20 min). The supernatant was filtered with a 0.20 m membrane filter (DISMIC-13 HP , Toyo Roshi Kaisha, Ltd., Tokyo) and then tested by high performance liquid chromatography (HPLC). HPLC conditions were as follows: apparatus, PU-980 (Japan Spectroscopic Co., Tokyo); column, Wakosil 5NH 2 (Wako Pure Chemical Industries, Ltd.); solvent, acetonitrile/water (7/3); flow rate, 1 ml/min; column temperature, 40˚C; detector, reflection indicator, 830-RI (Japan Spectroscopic Co.). Sucrose, raffinose and stachyose (Wako Pure Chemical Industries, Ltd.) were used as standards. Three independent measurements were made for each sample and the results were expressed as the meanϮstandard error. Content of total carbonyl compounds Tofu (1 g) was mixed with distilled water (5 ml) and homogenized (5000 rpm, 3 min). The homogenate was centrifuged (19,000ϫg, 20 min) and total carbonyl compounds of the supernatant were measured by a slight modification of the method of Yukawa et al. (1993) . One ml of the supernatant and 1 ml of 2,4-dinitrophenylhydrazone (2,4-DNP) reagent, which was prepared by mixing 10 ml saturated 2,4-DNP alcohol solution and 350 l of concentrated hydrogen chloride (HCl), were mixed in a test tube. The tube was heated for 30 min at 50˚C and cooled in an ice bath; then 5 ml of 10% sodium potassium (KOH) / 80% ethanol solution was added. The absorption at 425 nm was measured with a spectrophotometer (V-530, Japan Spectroscopic Co.). An ethanol solution of n-hexanal 2,4-DNP (Tokyo Kasei Kogyo Co., Ltd., Tokyo) was used as a standard, and the results were expressed as the hexanal equivalent. Three independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Statistical analysis Comparisons of two means were made by Student's t-test (Fisher, 1958) .
Results and Discussion
Major components of tofu prepared with electrolyzed water The three kinds of water used in this study had different pHs. Therefore, we first measured the pH of the soaked soybeans, soaking water, go, soymilk and tofu. As shown in Table 2 , no significant difference in pH was seen between the tofu prepared with anode, cathode, or tap water. However, the pH of the soaking water, go, and soymilk prepared with anode water were significantly lower than those prepared with tap water.
Next, we measured the content of the major components of tofu. As shown in Table 3 , the water content of tofu prepared with tap water was 86.8%, with anode water was 87.3%, and with cathode water was 85.8%. Thus that prepared with cathode water was significantly lower, and with anode water was significantly higher than the tofu prepared with tap water.
Tofu protein content with tap, anode, and cathode water was 5.8, 5.5, and 6.4%, respectively, the tofu prepared with the latter being significantly higher than that prepared with tap water.
␤-Conglycinin (Koshiyama, 1965; Catsimpoolas & Ekenstam, 1969; Koshiyama & Fukushima, 1976) and glycinin (Mitsuda et al., 1965) are major storage proteins of soybean, and their isoelectric points are around 4.8. The solubility of protein is usually improved when the pH value is different from the isoelectric point. Therefore, we assumed that the pH of cathode water affected the solubility of soy protein, and thus changed the protein content of tofu. There is a possibility that ion concentrations and the ORP, which is peculiar to cathode water, also affect the solubility of soy protein. The effect of cathode water on the solubility of soy protein will be reported separately.
The total lipid content in tofu prepared with tap, anode, and cathode water was 1.5, 1.5, and 1.6%, respectively. Thus, the electrolyzed water did not affect the total lipid content of tofu.
These results show that the use of electrolyzed water for preparing tofu changed the contents of water and protein of the product.
Sensory test of tofu prepared with electrolyzed water The sensory test was carried out using tofu prepared with tap water as a control (zero value). Figure 1 shows the sensory scores of tofu prepared with anode water (dotted line) and cathode water (dashed line) compared with that with tap water (solid line). Whiteness was scored slightly positive in the tofu prepared with anode water, and the texture of the tofu prepared with either anode or cathode water was also scored slightly positive (fine texture). The flavor of tofu was scored positive when cathode water was used and negative when anode water was used. Softness and smoothness of that prepared with anode water was scored strongly positive and that with cathode water positive. Sweetness and substantial taste of the tofu prepared with cathode water scored strongly positive. In the tofu prepared with anode water pleasant taste was scored negative. The score of the overall judgment of tofu prepared with cathode water was approximately zero, while the overall judgment of that prepared with anode water was highly negative.
In the sensory test, the characteristics of tofu prepared with Control. * means significance at 5% levels, between the data of the control (tap water) and that of the sample (anode water or cathode water). cathode water were evaluated positive, except for pleasant taste. However, the score of the overall judgment (palatability) was the same as that for the tofu prepared with tap water. This was because the evaluation of tofu prepared with cathode water greatly varied with the preference of each panel member; that is, half of the panel members evaluated the strength of sweetness and substantial taste positively, but the other half evaluated it negatively because the taste was too rich. As a result, the mean value of the sensory score was close to zero. The overall judgment of the tofu prepared with anode water, in contrast, was inferior to that with tap water due to poor flavor and less than pleasant taste.
From these results, we conclude that the sensory characteristics of the tofu prepared with electrolyzed waters were different from those prepared with tap water. The use of cathode water gave tofu softness, smoothness, sweetness and a substantial taste, while anode water would not be suitable for the manufacturing of tofu because it imparts an off-flavor and an unpleasant taste.
Properties of tofu prepared with electrolyzed water In the sensory test, the tofu prepared with electrolyzed water was evaluated differently from that prepared with tap water. Thus, color, structure, texture, and the taste components understood were examined.
In examining the color index of tofu, as shown in Table 4 , the L * value indicating whiteness was significantly higher in that prepared with anode water than that prepared with tap water. This result agreed with the sensory evaluation for whiteness. The flavonoid compounds contained in soybean were believed to be discolored by the low pH of anode water. The ϩa * value indicated by the red color significantly increased when cathode water was used compared with tap water, and the ϩb * value indicated by the yellow color significantly decreased when anode and cathode waters were used. However, it was confirmed that electrolyzed waters hardly affected the color of tofu, because the ⌬E*ab value indicating the color difference between that tofu prepared with electrolyzed water and tap water (anode water, 1.76; cathode water, 1.65) was under 2.5 of the recognition threshold (Nayatani, 1993) .
Tofu texture was observed with a scanning electron microscope and, as shown in Fig. 2 that prepared with cathode water formed a regular network structure compared with that prepared with tap water. The network structure of the tofu prepared with anode water was also regular, though a little inferior to that of the tofu prepared with cathode water. This fact was consistent with the sensory evaluation that the tofu prepared with either electrolyzed water was finer in texture than that prepared with tap water.
A creep meter measured tofu texture, and the results are shown in Fig. 3 . The values of hardness and frangibility of that prepared with anode and cathode waters were significantly smaller than those of the tofu prepared with tap water. This fact was consistent with the sensory evaluations that tofu prepared Control. *** means significance at 0.1% levels, between the data of the control (tap water) and that of the sample (anode water or cathode water). with electrolyzed waters was softer and smoother than that prepared with tap water. A significant difference in cohesiveness was not seen between the tofu prepared with electrolyzed water and tap water.
These results showed that the tofu prepared with electrolyzed waters was softer and more fragile than that prepared with tap water. The physical properties like texture are affected by many factors such as composition of the protein (Mori et al., 1982; Nakamura et al., 1984; Nakamura et al., 1986) and the type of coagulating agent (Kohyama et al., 1995) . Since the same soybeans and the same coagulating agent were used in this study, the difference in physical properties between tofu prepared with electrolyzed and non-electrolyzed water was thought to be caused by the difference in the state of thermal denaturation of protein. The factors affecting the states of thermal denaturation of soy protein are pH, ORP, and ion concentration of electrolyzed water and these will be examined in the near future.
Next, we examined the content of free sugar, which is a key component of sweetness, and the carbonyl compounds, which affect the substantial taste of the tofu prepared with each type of electrolyzed water.
Free sugar was extracted from tofu, and analyzed by HPLC. Fig. 3 . Texture parameters of tofu prepared with electrolyzed waters and tap water. Mean significance at 1 ** and 0.1% *** levels, respectively, between the data of the control (tap water) and that of the samples (anode and cathode waters). As shown in Fig. 4 , sucrose, raffinose, and stachyose were detected in the samples. However, no significant difference in the free sugar contents was seen between the samples prepared with electrolyzed and tap water. Although the tofu prepared with cathode water was evaluated to have strong sweetness in the sensory test, this might not have resulted from an increase in free sugar content.
The carbonyl compounds produced by soybean lipoxygenase (LOX) give tofu a substantial taste (Kitamura, 1990) . As shown in Fig. 5 , the content of total carbonyl compounds in the tofu prepared with cathode and anode waters was significantly higher than that in the tofu prepared with tap water with that using being especially high. These results suggest that a large amount of total carbonyl compounds in the tofu prepared with the cathode water, contributed to the high score of substantial taste.
Maximum activity of the LOX isozymes, L-1, L-2, and L-3 was observed at pH 7-9, pH 6-7, and pH 7-8, respectively (Axelrod et al., 1981; Furuta et al., 1996) . This suggests that the activity of LOX was improved by the high pH of cathode water used for the preparation. However, the increased content of the total carbonyl compounds in the tofu prepared with anode water was not attributed to an increased activity of LOX. Shimada et al. (1998) reported that tofu made from LOX-deficient soybeans was weak in sweetness, suggesting that the carbonyl compounds generated by LOX affected this taste. In the present study, the tofu prepared with cathode water was evaluated as sweeter than that prepared with tap water, although the free sugar contents were the same. This can be attributed to the increased amount of carbonyl compounds. It may be possible to produce two types of tofu with different eating quality (rich or poor in sweetness and substantial taste) from the same variety of soybeans, depending on whether cathode or tap water is used for the preparation.
The tofu prepared with anode water was evaluated to have an unpleasant taste in the sensory tests. The lipid-oxidation products resulting from the LOX reaction contribute to a desirable palatability (like substantial taste), whereas the lipid-autoxidation products contributed to an undesirable palatability (Shimada et al., 2001) . Therefore, the unpleasant taste of the tofu prepared with anode water can be attributed to the generation of autoxidation products due to the oxidizability of this water. The results thus demonstrated that anode water was not suitable for manufacturing tofu.
From the data obtained by sensory test and instrumental measurement, we conclude that the use of cathode water was effective in improving of the eating qualities of tofu. Consequently, we should further examine how this cathode water modifies the eating quality of this food in respect to pH, ORP, and ion concentration.
